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Based on the relationship between entransy and microstate number, we discuss the variations of the available transport entransy, 
the unavailable transport entransy, the available conversion entransy and the unavailable conversion entransy with the microstate 
number. We focus on physical processes in which heat is used for heating/cooling or doing work. When heat is transported for 
heating or cooling, the available transport entransy increases if the increase in microstate number is due to the increase in internal 
energy of the system, and decreases if the increase in microstate number is due to spontaneous heat transfer. When heat is used to 
do work, both the available conversion entransy and the unavailable conversion entransy increase if the increase in microstate 
number relates to the growth in internal energy of the system. The available conversion entransy decreases and the unavailable 
conversion entransy increases if the increase in microstate number results from spontaneous heat transfer. 
microstate number, entransy, available entransy, unavailable entransy 
 




Heat transport is one of the most universal phenomena in 
nature. There are two main applications of heat. One is to 
transport heat for doing work, such as various heat engines, 
while the other is to transport heat for heating or cooling, 
such as various heat exchangers. The first involves heat- 
work conversion, while the other does not. Based on this 
difference, researchers have developed different physical 
quantities and principles.  
For thermodynamic processes in which heat is transport-
ed for doing work, Clausius introduced an important state 








     , (1)  
where dS is the variation of entropy, δQ is the heat ex-
change between the system and the environment, and T is 
the temperature of the heat source, which is also the envi-
ronmental temperature for reversible processes. The sub-
script rev indicates that the process is an ideal reversible 
process. It is found that entropy can represent the energy 
grade [1,2]. Greater entropy generation during one physical 
process means a greater decrease of the energy grade, and 
more loss of the ability of doing work. Therefore, the con-
cept of entropy generation can be used to optimize heat- 
work conversion to reduce the loss of the ability of doing 
work and increase the energy utilization efficiency [3]. 
For processes in which heat is transported for heating or 
cooling, Guo et al. [4] proposed a physical quantity, en-
transy, based on the analogy between heat conduction and 
electrical conduction. For an equilibrium system, the mac-




G UT , (2) 
where U is the internal energy and T is the temperature of 
the system. The entransy in an object represents the ability 
of releasing heat. It relates not only to the temperature, but 
also to the thermal energy of the system. The essence of the 
entransy of an object is the ‘potential energy’ of heat, simi-
lar to the potential energy of water in a reservoir. When heat 
is transported from a higher-temperature body to a low-
 Cheng X T, et al.   Chin Sci Bull   August (2012) Vol.57 No.24 3245 
er-temperature one, energy is conserved, but the transport 
ability of the heat decreases because entransy is always dis-
sipated in the process [4]. Based on the concept of entransy 
dissipation, Guo et al. [4] developed the extremum entransy 
dissipation principle, defined the entransy-dissipation-based 
thermal resistance, and proposed the minimum thermal re-
sistance principle. It was found that the principles of the 
entransy theory are appropriate to the optimization of heat 
conduction [5–13], heat convection [14–17], thermal radia-
tion, design of heat exchangers [21–27] and phase change 
heat transfer processes [28]. 
Eqs. (1) and (2) express the macroscopic definitions of 
entropy and entransy. From the microscopic view, re-
searchers have set up relationships between these concepts 
and the microstate number Ω that measure the degree of 
disorder of the system [1,2,29,30]. A bigger microstate 
number means a larger degree of disorder. Boltzmann es-
tablished the connection between the entropy of a qua-
si-independent particle system and its microstate number Ω 
in 1877: 
 lnS  . (3) 
In 1900, Planck introduced a proportional coefficient, and 
rewrote eq. (3) as [1,2,29] 
 lnS k  , (4)  
where k is the Boltzmann constant. This is the famous 
Boltzmann entropy equation, which is a bridge between 
entropy and microscopic particle theory, and makes us 
know the concept of entropy more deeply.  
Cheng et al. [30] derived the relation between entransy 
and the microstate number for a monatomic ideal gas sys-
tem. It is 
  4 3NG  , (5)  
where the proportional coefficient κ is 
  7 3 2 4 3N m V  , (6)  
where β is a constant whose value is 9.463×10−114 J3 s4 K, N 
is the number of molecules, m is the molecular mass, and V 
is the volume of the system. We see that κ is constant for a 
system with a fixed number of molecules, molecular mass 
and volume. For instance, when the volume of 1 mol helium 
gas is 1 × 10–3 m3, the value of κ is 0.0656 J K. 
Eqs. (4) and (5) are the expressions for the microscopic 
entropy and microscopic entransy of a system, and are the 
connections between the macroscopic quantities and the 
microstate number. However, for a practical heat-work 
conversion or a practical heat transfer process, it is worth 
further investigating the relationship between the microstate 
number and the ability of doing work or transporting heat 
for the thermal energy in a system. Based on the concept of 
entransy, Wu [31] discussed heat transfer and heat-work 
conversion, defined transport entransy as the ability of 
transporting heat for heating or cooling objects, and defined 
conversion entransy as the ability of transporting heat for 
doing work. Based on the entransy classification of Wu [31], 
we now set up and discuss the relationship between the mi-
crostate number and the ability of doing work or transport-
ing heat for a system. 
1  Relationship between microstate number and 
available transport entransy 
Let us discuss the case in which heat is transported for 
heating or cooling objects. As shown in Figure 1, the inter-
nal energy of the system is U. When heat is transferred be-
tween the system and other objects, the entransy of the sys-
tem is reduced. The decrease is named the available 
transport entransy, whose differential expression is [32] 
 a trand dG T U  , (7)  
where dU is the change of the internal energy, and T is the 
temperature of the system. 
There will be no spontaneous heat transfer if the system 
in Figure 1 is at equilibrium. We assume that the initial 
temperature of the system is T1, and that the heat is trans-
ported between the system and the cold source with con-
stant temperature T0. According to the second law of ther-
modynamics, the lowest possible temperature of the system 








G G G G    , (8)  
where G1 is the entransy of the system at temperature T1, 
while G0 is that at temperature T0. The remaining entransy 
after excluding the available transport entransy from the 
system is called the unavailable transport entransy, which is 
 ua tran 1 a tran 0   G G G G . (9) 
Based on eq. (5), when the volume, number of molecules 
and molecular mass are fixed, the relation between the 
available transport entransy and the microstate number can 
be expressed as 
 4/(3 ) 4/(3 )a tran  1  0
N NG        , (10) 
 
Figure 1  Sketch of heat transfer. 
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where Ω1 is the microstate number of the system at temper-
ature T1, and Ω0 is that at temperature T0. The relation be-
tween the unavailable transport entransy and the microstate 
number is 
 4/(3 )ua tran  0
NG   . (11)  
The available transport entransy is determined by the 
microstate numbers at T1 and T0 according to eqs. (10) and 
(11), while the unavailable transport entransy is only deter-
mined by the microstate number of the system at T0. The 
relationship between the temperature and the microstate 
number is [30] 
 2/(3 )NT  ,  (12) 
where α is constant for a system with fixed volume, number 
of molecules and molecular mass. Bigger Ω0 means a higher 
T0, which in turn makes the unavailable transport entransy 
of the system become larger and the available transport en-
transy smaller for given Ω1. On the other hand, raising the 
initial temperature of the system by increasing its initial 
internal energy of the system will makes Ω1 increase, thus 
the available transport entransy will be increased for pre-
scribed Ω0. 
Let us further consider an isolated system whose state is 
not in equilibrium at initial time. In Figure 2, the system is 
composed of two subsystems with the same numbers of 
molecules Ns, the same molecular masses m, the same vol-
umes Vs, but different initial temperatures. Therefore, the 
proportional coefficients of entransy κs are the same for 
both subsystems. Assume that there is a plate with ideal 
heat insulation between the subsystems, and that there is no 
energy transfer between the subsystems before the plate is 
removed. 
When the ideal plate is not removed, the heat transfer 
between the system and the cold source with temperature T0 
can be treated as separate heat transfer processes between 
the two subsystems and the cold source. According to eq. 
(10), the available transport entransies of the subsystems are 
 s3/(3 )4/(3 )a tran s1 s  s1  s1 0
NNG         ,  (13)  
and 
 s s4/(3 ) 4/(3 )a tran1 s2 s  s2  s2 0
N NG         ,   (14)  
 
 
Figure 2  A non-equilibrium isolated system composed of two subsys-
tems. 
where Ωs1 and Ωs2 are the initial microstate numbers, and 
Ωs1-0 and Ωs2-0 are the microstate numbers of the subsystems 
at temperature T0. Because the subsystems have the same Ns, 
m and Vs, Ωs1-0 = Ωs2-0 based on eq. (12), and we use Ωs0 to 
express them. Therefore, the total available transport en-
transy of the system is 
 
s s s
a tran a tran s1 a tran1 s2
4/(3 ) 4/(3 ) 4/3( )
s  s1  s2 s  s02 .
N N N
G G G
    
     




Correspondingly, the unavailable transport entransy is 
 s4 /(3 )ua tran s  s02
NG    . (16)  
According to eq. (15), the available transport entransy of 
the whole system will increase if either of the subsystems’ 
initial microstate number is raised by energy from outside. 
On the other hand, let’s remove the ideal plate and make 
the two subsystems reach equilibrium by spontaneous heat 
transfer before heat transfer occurs between the system and 
the cold source. In this case, the available transport entransy 
of the whole system is  
 4/(3 ) 4 /(3 )a tran eq  eq  0
N NG         , (17) 
where Ωeq is the microstate number of the whole system at 
equilibrium, and Ω0 is the microstate number of the whole 
system at T0. Correspondingly, the unavailable transport 
entransy is 
 4/(3 )ua tran eq  0
NG    . (18) 
For the system in Figure 2, the microstate number of the 
whole system equals the product of the microstate numbers 
of the subsystems. Therefore, at the initial time, 
  1  s1  s2   . (19)  
When the temperature of the system reaches that of the 
cold source, 
 2 0  s1 0  s2 0  s0      . (20)  
Considering eq. (6), we get 
 s2  .  (21)  
Combining eqs. (16), (18), (20) and (21) with N = 2Ns 
leads to 
 ua tran eq ua tranG G   .  (22)  
According to eq. (22), the unavailable transport entransy 
will not change no matter whether the system in Figure 2 is 
at equilibrium or not. However, the entransy of the system 
will decrease during the thermal equilibrium process [30]. 
Accordingly, 
 s s4/(3 ) 4/3( ) 4/(3 )s  s1  s2  eq
N N N       . (23)  
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Therefore, combining eqs. (15), (17), (22) and (23) gives 
 a tran a tran eqG G   .  (24)  
According to the discussion in [30],  
  1  eq    (25)  
for the initial and thermal equilibrium states. We see that 
the available transport entransy of the isolated system in 
Figure 2 will decrease with increasing microstate number.  
The above discussions tell us that the unavailable 
transport entransy is determined only by the microstate 
number Ω0 at the cold source temperature T0 when heat 
transfer occurs between the system and the cold source. 
Bigger Ω0 leads to bigger the unavailable transport entransy 
and smaller the available transport entransy. The available 
transport entransy of the system relates not only to Ω0 but 
also the initial microstate number Ω1. It increases with in-
creasing Ω1 if Ω1 is raised by the energy transported into the 
system. If the increase of Ω1 results from the spontaneous 
heat transfer in the system, the available transport entransy 
of the system decreases with increasing Ω1. 
2  Relationship between microstate number and 
available conversion entransy 
Part of the entransy disappears in the heat-work conversion 
when thermal energy is used to do work. This part of the 
entransy is called the available conversion entransy. We 
first discuss the case in which there is no spontaneous heat 
transfer in a system. As shown in Figure 3, a Carnot engine 
works between a system with internal energy U and a cold 
source with temperature T0, and outputs mechanical work. 
The system itself does not directly involve work. The first 
law of thermodynamics gives 
 dQ U  , (26)  
where δQ is the heat transported into the heat engine from 




Figure 3  Sketch of the Carnot cycle between the system and the cold 
source. 
The entransy absorbed by the Carnot engine from the 
system is 
 ind dG T Q T U   ,  (27)  
where T is the temperature of the system. The entransy re-
leased to the cold source from the heat engine is 
 out 0 0 0 0 0d dG T Q T U    ,  (28)  
where δQ0 is the heat released to the cold source from the 
heat engine, and dU0 is the change of the internal energy of 
the cold source. The difference between eqs. (27) and (28) 
is the part of the entransy dGin absorbed from the system 
that is consumed in the heat-work conversion in the Carnot 
engine. Therefore, the differential expression of the availa-
ble conversion entransy can be defined as 
 a conv 0 0d d dG T U T U   .  (29) 





 .  (30)  








    
.  (31)  
The temperature of the system must be higher than that 
of the cold source for the Carnot engine to absorb heat from 
the system and work between the system and the cold 











G G T U
T 
       , (32) 
where T1 is the initial temperature of the system. Based on 
eq. (2) and the relationship between the internal energy and 
the temperature,  




G G G G
T
   .  (33)  
Substituting eqs. (5) and (12) into eq. (33) gives 







       .  (34) 
Correspondingly, the unavailable conversion entransy is 







     .  (35) 
To discuss the relationship between the initial microstate 
number of the system Ω1 and the available conversion en-
transy, we assume that the microstate number of the system 
at the cold source temperature, Ω0, does not change. Then, 
the partial derivative of eq. (34) is 
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   
     . (36)  
The temperature of the system must be higher than that 
of the cold source, so Ω1 is bigger than Ω0 based on eq. (12). 






  .  (37)  
For the system in Figure 3, the available conversion en-
transy of the system will increase when Ω1 is increased by 
energy input from outside. 
For the unavailable conversion entransy of the system, 
the partial derivative of eq. (35) gives 








   .  (38)  
The unavailable conversion entransy of the system also 
increases with the growth of Ω1 that is due to energy input 
into the system.  
We next discuss the influence of Ω0 on the available 
conversion entransy and the unavailable conversion entran-
sy of the system. Assuming that Ω1 does not change, the 
partial derivative of eq. (36) gives  
 4/(3 ) 1a conv  1 0







    . (39)  
It is clear that the available conversion entransy of the 
system will decrease with increasing T0 and Ω0. The una-
vailable conversion entransy behaves in an opposite manner. 
It can be proved that 
 4/(3 ) 1ua conv  1 0







   . (40)  
The unavailable conversion entransy of the system rises 
with increasing Ω0. 
Spontaneous heat transfer will occur between the sub-
systems in Figure 2 if they are not in equilibrium. Before 
the ideal plate is removed, the available conversion entran-
sies of the subsystems are 
     s s 4 34 3 4 3 s  s1s







           , (41)  
and 
     4 3 4 3 4 3s  s2s s s








           , (42)  
respectively. The sum of eqs. (41) and (42) is the total 
available conversion entransy of the system, 
 
     
 
4 3 4 3 4 3s s s
a conv s  s1  s2 s  s0
4 3s  s1  s2s










    
   






Correspondingly, the unavailable conversion entransy is 








        . (44) 
The subsystems will finally reach equilibrium after the 
ideal plate is removed due to the spontaneous heat transfer. 
The available conversion entransy at equilibrium is 







        . (45)  
The unavailable conversion entransy is 







      . (46) 
Considering that N = 2NS and eqs. (19)–(21) and (25), we 
get 
 ua conv ua conv eqG G   , (47) 
that is, the spontaneous heat transfer increases both the mi-
crostate number of the system and the unavailable conver-
sion entransy. 
The comparison between eqs. (43) and (45) with the con-
sideration of eqs. (20), (21), (24) and (47) shows that the 
second terms on the right side of eqs. (43) and (45) equal 
each other, the first term on the right side of eq. (43) is big-
ger than that of eq. (45), and the last term on the right side 
of eq. (43) is bigger than that of eq. (45). Therefore, it must 
be true that 
 a conv a conv eqG G   . (48)  
The microstate number of the system increases during 
the spontaneous heat transfer while the available conversion 
entransy decreases. 
In summary, both the available conversion entransy and 
the unavailable conversion entransy increase with the 
growth of the initial microstate number when the system is 
at equilibrium. Raising the temperature of the cold source 
will increase the microstate number of the system at the 
cold source temperature and the unavailable conversion 
entransy, while decrease the available conversion entransy. 
Spontaneous heat transfer will increase the microstate 
number of the system and the unavailable conversion en-
transy, but decrease the available conversion entransy. 
3  Discussion 
As a comparison, we analyze the variations of entropy and 
available energy in this section after having discussed the 
variations of the available transport entransy, the unavaila-
ble transport entransy, the available conversion entransy and 
the unavailable conversion entransy with the microstate 
number.  
 Cheng X T, et al.   Chin Sci Bull   August (2012) Vol.57 No.24 3249 
Eq.(3) indicates that increasing the initial microstate 
number will increase the system entropy if the system is at 
equilibrium. On the other hand, the spontaneous heat trans-
fer in a nonequilibrium state will enlarge the microstate 
number and the entropy in turn. However, the mechanisms 
of the entropy increases are different from each other, which 
is why the variations of the available transport entransy and 
the available conversion entransy are not consistent. For the 
equilibrium case, the increase of the microstate number re-
sults from the input energy from outside that raises the sys-
tem temperature. Therefore, both the available transport 
entransy and the available conversion entransy increase. In 
the nonequilibrium case, the heat transfer in the system 
produces entropy generation and increases the microstate 
number, resulting in the loss of the ability of transporting 
heat or doing work. Therefore, both the available transport 
entransy and the available conversion entransy decrease.  
At thermal equilibrium, the available energy is 
 0 0a conv 1 d d
T T
E Q U U
T T
         ,  (49) 
where δQ is the energy transported out of the system. Inte-










E U U U U U
T T
        . (50) 
The derivation of eq. (50) with respect to the system 
temperature T is always positive, while that with respect to 
the cold source temperature T0 is always negative. There-
fore, the available energy increases with the increase in T, 
while it decreases with the increase in T0. By considering 
the relationship between the temperature and the microstate 
number, one finds that the available energy increases when 
energy is transported into the system and the microstate 
number of the system increases, while the available energy 
decreases with increasing the microstate number of the sys-
tem at the temperature of the cold source. 
If the system is not at thermal equilibrium, we can also 
discuss the relation between the available energy and the 
microstate number. The total available energy of the two 
subsystems in Figure 2 is 
   
 
a conv a conv s1 a conv s2
s1 s2











U U U U U U
T T
T T
U U U U
T T
U U U T T T
     
     
   
   
 
where U1 and U2 are the initial internal energies subsystems 
1 and 2, U10 and U20 are the internal energies of the subsys-
tems at the cold source temperature (which are equal). 
When the system reaches thermal equilibrium,  




E U U U
T 
    
  0 0 eq 0ln ln .U U U T T      (52)  
Combining eqs. (51) and (52) leads to 







E E U T T T
T T
U T T
     




It is apparent that the available energy of the system de-
creases during the spontaneous heat transfer. The available 
energy decreases with increasing the microstate number in 
this case because the microstate number increases during 
the heat transfer. 
The analyses in this section show that the variation of the 
available energy with the microstate number is not con-
sistent with that of the entropy, but is consistent with that of 
the available conversion entransy. Therefore, the concept of 
the available conversion entransy can describe the change 
direction of the available energy in the cases discussed in 
this paper. 
4  Conclusions 
We have investigated the variations of the available 
transport entransy, the unavailable transport entransy, the 
available conversion entransy and the unavailable conver-
sion entransy with the microstate number for a system. 
Some conclusions are: 
(1) The unavailable transport entransy only depends on 
the microstate number of the system at the cold source 
temperature during the heat transfer between the system and 
the cold source. Bigger Ω0 leads to a larger unavailable 
transport entransy and a smaller available transport entransy. 
The available transport entransy is determined not only by 
Ω0 but also by the initial microstate number of the system 
Ω1. The available transport entransy increases with Ω1 if the 
system is in equilibrium, and the increase of Ω1 results from 
the energy input to the system. On the other hand, if the 
system is not at equilibrium and the increase of Ω1 results 
from the spontaneous heat transfer, the available transport 
entransy will decrease with increasing Ω1. 
(2) Both the available conversion entransy and the una-
vailable conversion entransy for an equilibrium system will 
rise with increasing Ω1 caused by energy input to the system. 
Raising the temperature of the cold source increases both 
the microstate number of the system at the cold source 
temperature and the unavailable conversion entransy, but 
decreases the available conversion entransy. The spontane-
ous heat transfer at nonequilibrium increases the microstate 
number of the system, increases the unavailable conversion 
entransy but reduces the available conversion entransy. 
(51) 
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(3) The variation of the available energy with the mi-
crostate number is consistent with that of the available con-
version entransy. The concept of available conversion en-
transy can describe the change direction of the available 
energy in the cases discussed in this paper. 
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